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INTRODUCTION 
M i l d  g a s i f i c a t i o n  i s  an  a l t e r n a t i v e  t o  t r a d i t i o n a l  c o a l  b u r n i n g  f o r  c o a l  

u t i l i z a t i o n .  M i l d  g a s i f i c a t i o n  produces gas, l i q u i d ,  and s u b s t a n t i a l  q u a n t i -  
t i e s  of coke.  C o a l  l i q u i d  and g a s  a r e  b e i n g  s t u d i e d  as a l t e r n a t i v e s  t o  
pe t ro leum and n a t u r a l  gas, as sources  o f  chemica l  feeds tocks  and f u e l s .  T h i s  
p r o j e c t  concent ra tes  on an a l t e r n a t e  use f o r  t h e  s o l i d  coke, upgrad ing  i t  t o  
a higher va lue  product,  an a c t i v a t e d  char,  and use f o r  Sorp t ion  o f  p o l l u t a n t s .  

A c t i v a t e d  c h a r c o a l  i s  c o n v e n t i o n a l l y  produced from a source  such as 
coconut husk. We repor ted  e a r l i e r  on the  conversion of coke t o  a c t i v a t e d  char 
by a p r o c e s s  of c o n t r o l l e d  o x i d a t i o n  ( 1 ) .  There i s  a l a r g e  marke t  f o r  
a c t i v a t e d  c h a r c o a l  as a s o r b e n t  f o r  remova l  o f  o r g a n i c  compounds from w a t e r  
s u p p l i e s  and i n d u s t r i a l  o u t f a l l s .  P r e s e n t l y ,  a c t i v a t e d  c h a r c o a l  f o r  t h i s  
purpose i s  p r i c e d  a t  more t h a n  $1,0001ton. I f  c o a l  c h a r  can s u c c e s s f u l l y  
compete i n  t h i s  arena, t h e  v a l u e  of t h e  coke would be upgraded d r a m a t i c a l l y ,  
and the  economics o f  c o a l  u t i l i z a t i o n  changed s u b s t a n t i a l l y .  I n  t h i s  paper, 
we r e p o r t  on success fu l  t e s t i n g  o f  a c t i v a t e d  c o a l  char under l a b o r a t o r y  cond i -  
t i o n s  as a s o r b e n t  f o r  remova l  o f  v o l a t i l e  o r g a n i c  compounds from d e i o n i z e d  
w a t e r .  

. Organohalogens a r e  common e n v i r o n m e n t a l  p o l l u t a n t s .  We r e p o r t e d  e a r l i e r  
t h a t  a c t i v a t e d  c o a l  char  c a t a l y t i c a l l y  promoted dehydroha logenat ion  and o t h e r  
e l i m i n a t i o n  r e a c t i o n s ,  p r o d u c i n g  o l e f i n s  ( 2 - 5 ) .  If an o v e r a l l  p r o c e s s  of 
s o r p t i o n  o f  o r g a n i c  compounds f r o m  w a t e r  and t h e i r  c a t a l y t i c  d e c o m p o s i t i o n  
and convers ion  t o  more u s e f u l  o r  l e s s  nox ious  compounds can be demonstrated, 
i t  would r e p r e s e n t  an advantage f o r  c o a l  d e r i v e d  c h a r  o v e r  o t h e r  c h a r c o a l  
types. Las t  minute r e s u l t s  o f  experiments t e s t i n g  f o r  decomposition o f  p r e v i -  
o u s l y  sorbed compounds w i l l  a l s o  be  r e p o r t e d ,  i f  ready  i n  t i m e  f o r  t h e  
meet ing .  

EXPERIMENTAL 
E x p e r i m e n t a t i o n  c o n s i s t e d  of p r e p a r a t i o n  o f  a c t i v a t e d  c h a r  f r o m  c o a l ,  

e q u i l i b r a t i o n  w i t h  d e i o n i z e d  water  c o n t a i n i n g  37 o r g a n i c  compounds, and GC-MS 
a n a l y s i s  t o  measure t h e  amounts of these compounds remain ing  i n  t h e  water  a t  
t h e  end of  t h e  s o r p t i o n  p e r i o d .  D e t a i l s  f o l l o w  be low.  

Preparatlon of Coal Char A c t i v a t e d  c o a l  char  was prepared from a b l e n d  o f  
I l l i n o i s  #5 ( S p r i n g f i e l d )  and I l l i n o i s  #6 ( H e r r i n )  c o a l s  u s i n g  t h e  f o l l o w i n g  
method. The s t a r t i n g  m a t e r i a l  was c h a r  f rom a U n i t e d  C o a l  Company p i l o t  
s c a l e ,  f i x e d  bed, m i l d  g a s i f i c a t i o n  r e a c t o r .  T h i s  m a t e r i a l  was f u r t h e r  
d e v o l a t i l i z e d  u s i n g  a f l u i d i z e d  bed r e a c t o r  a t  ISGS, h e a t i n g  i n  an atmosphere 
of pure n i t r o g e n  a t  a r a t e  o f  20°Clmin, and h o l d i n g  a f i n a l  t e m p e r a t u r e  o f  
500% f o r  15 minu tes .  A f t e r  c h a r a c t e r i z a t i o n ,  steam t r e a t m e n t  fo l lowed.  The 
m a t e r i a l  was heated  a t  a r a t e  of  20'Clmin t o  870'C i n  p u r e  n i t r o g e n .  The 
atmosphere was changed t o  50% steam in n i t r o g e n ,  and c o n d i t i o n s  h e l d  c o n s t a n t  
f o r  3 hours  t o  i n c r e a s e  p o r o s i t y .  A f t e r  c h a r a c t e r i z a t i o n ,  m i l d  o x i d a t i o n  
fo l lowed.  The 
atmosphere was changed t o  10% oxygen i n  n i t rogen,  and c o n d i t i o n s  he ld  constant 
f o r  15 m i n u t e s  t o  a c t i v a t e  t h e  s u r f a c e .  T h i s  p r o d u c t ,  w h i c h  had a s u r f a c e  
a r e a  of 557 meter' lgram, was used f o r  t h e  s o r p t i o n  s t u d i e s  d e s c r i b e d  be low.  

Sorbates. A m e t h a n o l i c  s t o c k  s o l u t i o n  o f  37 a n a l y t e s ,  each a t  1000 ppm, 
was purchased from a vendor o f  e n v i r o n m e n t a l  a n a l y t i c a l  s tandards  (Accustan- 
dard) .  Components a r e  l i s t e d  i n  Tab le  I. T h i s  s o l u t i o n  c o n t a i n s  most of t h e  
v o l a t i l e  o rgan ic  compounds (VOC) f o r  which f e d e r a l  and s t a t e  discharge permi ts  
u s u a l l y  r e q u i r e  sc reen ing .  These a r e  a l s o  known as VOA, f o r  v o l a t i l e  o r g a n i c  
a n a l y t e s .  P o r t i o n s  o f  t h i s  s t o c k  s o l u t i o n  were i n j e c t e d  ( s p i k e d )  i n t o  water  
as d e s c r i b e d  i n  t h e  e x p e r i m e n t s  d e t a i l e d  below. 

The m a t e r i a l  was heated a t  2O'Clmin t o  45OoC i n  pure  n i t r o g e n .  
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Equilibration Experiments. Samples of char  were covered w i t h  d e i o n i z e d  water,  
and were e i t h e r  s p i k e d  i m m e d i a t e l y  w i t h  t h e  s t o c k  s o l u t i o n  (Exper iment  l ) ,  
o r  sp iked a f t e r  a f o u r  hour c o n d i t i o n i n g  p e r i o d  d u r i n g  wh ich  t h e  char  e q u i l i -  
b r a t e d  w i t h  t h e  unsp iked w a t e r  (Exper iment  2 ) .  A f t e r  s p i k i n g ,  t h e  c h a r  was 
e q u i l i b r a t e d  w i t h  t h e  spiked water f o r  20 hours (Experiments 1 8 2 ) .  Sampling 
o f  t h e  water l a y e r  f o r  GC-MS a n a l y s i s  fo l lowed.  To do Exper iment 3 ,  s e v e r a l  
r e f i l l e d  samples from Experiment 2 were used. A second 20 hour  e q u i l i b r a t i o n  
and second GC-HS a n a l y s i s  f o l l o w e d .  E x p e r i m e n t a l  d e t a i l s  f o l l o w .  

Experimental Details. A sample of char  ( e i t h e r  0.100 gram o r  I .OO gram) was 
p l a c e d  i n  a p r e c l e a n e d  g l a s s  40 m i l l i l i t e r  e n v i r o n m e n t a l  w a t e r  sample v i a l  
(VOA v i a l ) .  A second v i a l  was d e s i g n a t e d  i m m e d i a t e l y  as c o n t r o l .  Each was 
f i l l e d  w i t h  d e i o n i z e d  w a t e r  and s e a l e d  i m m e d i a t e l y  w i t h  i t s  t e f l o n  f a c e d  
septum screw cap. A f t e r  t h e  unspiked c o n d i t i o n i n g  t imes descr ibed above, each 
v i a l  was opened m o m e n t a r i l y  i n  t u r n ,  and a s y r i n g e  ( o r  g l a s s  m i c r o p i p e t t e )  
used t o  add a s p i k e  volume (0.002 t o  1.00 m i l l i l i t e r )  of t h e  s o r b a t e  s o l u t i o n  
t o  each, i n j e c t i n g  i t  w e l l  be low t h e  w a t e r  s u r f a c e .  T a k i n g  c a r e  t o  exc lude 
bubbles,  t h e  v i a l  was resea led  immedia te ly  and was mixed by i n v e r t i n g  s e v e r a l  
t i m e s .  

A f t e r  t h e  20 hours s p i k e d  e q u i l i b r a t i o n ,  t h e  v i a l s  were sampled f o r  GC-MS 
ana lys is .  The de ion ized water needed f o r  a d i l u t i o n  was placed i n  a VOA V i a l .  
Each v i a l  was opened momentarily, and t h e  volume f o r  a n a l y s i s  removed. Except 
f o r  t h e  v i a l s  s p i k e d  w i t h  t h e  s m a l l e r  volumes, t h e  a l i q u o t  t a k e n  was t h a t  
requ i red  t o  prepare a d i l u t e d  s o l u t i o n  approximat ing 125 ppb i n  concentrat ion.  
The volume was removed e i t h e r  by syr inge ( o r  g lass  m i c r o p i p e t t e )  o r  by decant- 
i n g  and w e i g h i n g  (when t h e  d e s i r e d  volume exceeded 5 .00  m i l l i l i t e r s ) .  When 
a s y r i n g e  ( o r  g l a s s  m i c r o p i p e t t e )  was used, t h i s  a l i q u o t  was i n j e c t e d  below 
t h e  s u r f a c e  o f  t h e  d e i o n i z e d  w a t e r  i n  t h e  a n a l y s i s  v i a l .  When decanted ,  i t  
was poured w i t h o u t  vor tex  i n t o  the  water i n  t h e  a n a l y s i s  v i a l .  For Experiment 
3, the  water volume removed f o r  t h e  GC-MS a n a l y s i s  i n  Experiment 2 was immedi- 
a t e l y  r e p l a c e d  w i t h  f r e s h  d e i o n i z e d  w a t e r .  The v i a l s  were i m m e d i a t e l y  r e -  
sealed, and e q u i l i b r a t e d  f o r  20 hours more. No makeup s p i k e  was added. T h i s  
b rought  t h e  cumula t ive  e q u i l i b r a t i o n  t i m e  f o r  Experiment 3 t o  40 hours b e f o r e  
t h e  second sampl ing .  I m m e d i a t e l y  a f t e r  a d d i n g  t h e  sampled a l i q u o t  t o  t h e  
a n a l y s i s  v i a l ,  0.080 m i l l i l i t e r  of t h e  i n t e r n a l  s tandard  and s u r r o g a t e  s o l u -  
t i o n  descr ibed below was added by mic rop ipe t te ,  t h e  v i a l  topped up w i t h  deion- 
i z e d  water ,  resea led  and mixed. The r e s u l t i n g  s o l u t i o n  was analyzed by GC-MS 
as d e s c r i b e d  below. 

internal Standard Solutlon. A combina t ion  s o l u t i o n  o f  t h r e e  i n t e r n a l  standards 
( 2 0  ppm each) and t h r e e  s u r r o g a t e  a n a l y t e s  ( 2 5  ppm each)  was p r e p a r e d  b y  
d i l u t i n g  m e t h a n o l i c  s tock  s o l u t i o n s  (Accustandard,  Supelco, o r  o t h e r  vendor) .  
H igh  p u r i t y  methanol  was used as s o l v e n t .  I n t e r n a l  s tandards  a r e  used as GC-  
MS re fe rences ,  f o r  l o c a t i n g  t h e  chromatography peaks of t h e  a n a l y t e s ,  and f o r  
c a l c u l a t i o n  of c o n c e n t r a t i o n s  of a n a l y t e s  p r e s e n t .  S u r r o g a t e  a n a l y t e s  a r e  
used t o  a s c e r t a i n  t h a t  t h e  GC-MS a n a l y s i s  and c a l c u l a t i o n  methods a r e  i n  
c o n t r o l .  Compounds used as i n t e r n a l  s t a n d a r d s  and s u r r o g a t e s  a r e  l i s t e d  i n  
Tab le  11. 

Method of Analysis. C o n c e n t r a t i o n s  of t h e  v o l a t i l e  a n a l y t e s  r e m a i n i n g  i n  
s o l u t i o n  were measured by Purge and Trap GCIMS u s i n g  an automated v e r s i o n  
of  EPA Method 8240, as was s p e c i f i e d  by EPA f o r  a n a l y s i s  o f  waste w a t e r  
r e g u l a t e d  under t h e  Resource Conserva t ion  and Recovery A c t  ( 3 ) .  T h i s  method 
I S  l a r g e l y  t h e  same as t h e  e a r l i e r  EPA Method 624 f o r  s i t e s  r e g u l a t e d  under 
t h e  Clean Water Ac t  ( 4 ) .  The a n a l y s i s  v i a l s  p repared as d e s c r i b e d  above were 
p l a c e d  i n  an au tosampler ,  where t h e y  were h e l d  u n t i l  a 5 m i l l i l i t e r  volume 
Was t r a n s f e r r e d  a u t o m a t i c a l l y  t o  t h e  p u r g e  and t r a p  d e v i c e  ( 0 1  A n a l y t i c a l  
4460A). Helium was used t o  purge t h e  v o l a t i l e  organics from t h e  room tempera- 
t u r e  w a t e r  sample, t r a n s f e r r i n g  t h e  o r g a n i c  v a p o r s  t o  a m u l t i l a y e r  ( O V - 1 ,  
Tenax, S i l i c a  Gel,  A c t i v a t e d  Charcoa l )  t r a p  where t h e y  were h e l d  f o r  a n a l y s i s  
by GC-MS. On s i g n a l  from t h e  GC, t h e  o r g a n i c  vapors were t h e r m a l l y  desorbed 
and t r a n s f e r r e d  t o  t h e  GC, which was equipped w i t h  a 2 meter g l a s s  column (1% 
Sp-1000 on 60-80 mesh Carbopack 8 ) .  The temperature programmed GC sequent ia l -  
l y  e l u t e d  t h e  components t o  t h e  mass s p e c t r o m e t e r  o v e r  a p e r i o d  o f  about 40 
minutes .  The mass s p e c t r o m e t e r  was a F i n n i g a n  4500 q u a d r u p o l e  i n s t r u m e n t  
o p e r a t i n g  i n  t h e  E I ,  p o s i t i v e  i o n ,  f u l l  scan mode. Scan t i m e  was 2 seconds, 
mas8 range 34 t o  340 M I Z ,  and t u n i n g  was t o  EPA s p e c i f i c a t i o n s  f o r  t h e  
spec t rum f o r  b romof luorobenzene.  

Standard F inn igan peak search software was used t o  l o c a t e  t h e  chromatogra- 
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phy peaks, i n t e g r a t e  t h e  €PA recommended q u a n t i t a t i o n  i o n  f o r  each compound, 
and c a l c u l a t e  r e s u l t s .  To c a l c u l a t e  r e s u l t s ,  t h e  peak a r e a  f o r  t h e  a n a l y t e  
and t h a t  f o r  t h e  i n t e r n a l  s tandard  e l u t i n g  neares t  t h e  a n a l y t e  peak were ob- 
t a i n e d  f o r  a s e r i e s  of 5 c a l i b r a t i o n  s t a n d a r d s  i n  t h e  range 10-200 ppb. 
R e l a t i v e  response f a c t o r s  ("RRFs', r e l a t i n g  a n a l y t e  a r e a ,  a n a l y t e  concen- 
t r a t i o n ,  i n t e r n a l  s t a n d a r d  area  and i n t e r n a l  s t a n d a r d  c o n c e n t r a t i o n )  were 
c a l c u l a t e d .  EPA s t a t i s t i c a l  q u a l i t y  c o n t r o l  r e q u i r e m e n t s  were f o l l o w e d  i n  
e v a l u a t i n g  t h e  a n a l y t i c a l  range, e s t a b l i s h i n g  i n i t i a l  average RRFs, and t h e n  
f o r  checHing and updat ing  t h e  response f a c t o r s  t o  be used f o r  c a l c u l a t i o n  on 
a d a i l y  b a s i s .  Concent ra t ions  were t h e n  c a l c u l a t e d  i n  t h e  a n a l y s i s  s o l u t i o n s  
u s i n g  t h e  l i b r a r y  o f  d a i l y  RRFs. 

GRAPHICAL PRESENTATION OF RESULTS 
Most peaks f o r  t h e  37 a n a l y t e s  were r e s o l v e d ,  e i t h e r  by e f f e c t i v e  GC 

separa t ion ,  o r  by i d e n t i f i c a t i o n  o f  a un ique q u a n t i t a t i v e  mass. However, i n  
t h e  case o f  t w o  peaks, each of w h i c h  c o n t a i n e d  two isomers ,  r e s o l u t i o n  was 
n o t  p o s s i b l e .  T h i s  r e s u l t e d  i n  35 c a l c u l a t e d  d a t a  p o i n t s  t o  be r e p o r t e d  f o r  
each s o l u t i o n ,  i n c l u d i n g  t h e  sum peaks  f o r  t h e  i s o m e r i c  p a i r s .  I n  a d d i t i o n  
t o  the  35 a n a l y t e s ,  t h e  t h r e e  s u r r o g a t e  compounds were determined i n  t h e  same 
manner. The amount o f  methano l  was n o t  d e t e r m i n e d .  A v a l u e  f o r  t h e  amount 
of  each a n a l y t e  ( t h e  ith a n a l y t e )  s o r b e d  on t h e  c h a r  was c a l c u l a t e d  as a 
p e r c e n t ,  r e l a t i v e  t o  t h e  m a t c h i n g  c o n t r o l  s o l u t i o n ,  u s i n g  t h e  e q u a t i o n :  

[Concentration 1 in Control - Concentration I in Sample] 

Concentration, in Control 
Percent Sorbed I = 100 X --- - 

A t y p i c a l  component i s  i l l u s t r a t e d  i n  F i g u r e  I, where t h e  d a t a  f o r  benzene 
a r e  shown. A t o t a l  o f  35 s i m i l a r  g r a p h s  r e s u l t e d  f rom t h e  d a t a  p r o c e s s i n g .  
Severa l  more graphs w i l l  be presented  a t  t h e  meet ing,  as germane t o  a d i s c u s -  
s i o n  of t h e  s l i g h t  d i f f e r e n c e s  between s o r p t i o n  p r o p e r t i e s  o f  t h e  i n d i v i d u a l  
components and c l a s s e s  o f  components.  

However, i t  proved e a s i e r  t o  c o n t r a s t  and compare t h e  d a t a  a f t e r  f u r t h e r  
m a n i p u l a t i o n .  The Average P e r c e n t  S o r p t i o n  was c a l c u l a t e d  f o r  each sample 
from the  percent  s o r p t i o n  f o r  t h e  i n d i v i d u a l  a n a l y t e s  i n  each s a m p l e l c o n t r o l  
p a i r .  Average s o r p t i o n s  a r e  shown i n  F i g u r e  X I .  

as 

1 is Percent Sorbed I 
Average Percent Sorption = 

35 

F i g u r e  I 1 1  shows t h e  r e l a t i v e  s t r e n g t h  of  s o r p t i o n  l i s t e d  b y  component. 
The s o r p t i o n  f o r  benzene can be seen t o  c l o s e l y  resemble t h e  average s o r p t i o n .  
T h i s  was seen e a r l i e r  by compar ison o f  F i g u r e  I and F i g u r e  11, b u t  t h e  
comparison i s  e a s i e r  when F i g u r e  111 i s  cons idered.  T h i s  d a t a  f o r  c o n s t r u c -  
t i o n  of  F i g u r e  I11 was o b t a i n e d  by f u r t h e r  c a l c u l a t i o n .  U s i n g  t h e  sample 
average s o r p t i o n  d e s c r i b e d  f o r  F i g u r e  11, t h e  r e l a t i v e  s t r e n g t h  o f  s o r p t i o n  
f o r  each ( t h a t  i s ,  t h e  i s )  component i n  each sample was c a l c u l a t e d  u s i n g  t h e  
e q u a t i o n  : 

Relative Sorption Strength 

The average r e l a t i v e  s o r p t i o n  s t r e n g t h  f o r  t h i s  ( t h e  i a )  component i n  f o r  a l l  
( j  = 1 7 )  samples was t h e n  c a l c u l a t e d  and p l o t t e d  i n  F i g u r e  111. 

= [Percent Sorbed I - Average Percent Sorption] 

11 

1 . - Relative Sorption Strength I 
Average Relative Sorption, = _I='-------- 

17 

I n  F i g u r e  111, t h e  a n a l y t e s  a r e  l i s t e d  a l o n g s i d e  a b a r  graph r e p r e s e n t i n g  t h e  
average S o r p t i o n s  of t h e  a n a l y t e s  f o r  a l l  e x p e r i m e n t s .  The a n a l y t e s  w h i c h  
sorb  b e s t  a r e  t o  t h e  l e f t  of t h e  v e r t i c a l  l i n e .  The c e n t e r  of t h e  b a r  r e p r e -  
s e n t s  t h e  average s o r p t i o n  o v e r  a l l  e x p e r i m e n t s ,  t h e  l e n g t h  of t h e  b a r  i s  a 
measure of t h e  p r e c i s i o n  (each b a r  i s  2 s t a n d a r d  d e v i a t i o n s  i n  l e n g t h ) .  
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DISCUSSION AND CONCLUSIONS 
Fresh, d r y  A c t i v a t e d  c o a l  Char can be  seen t o  have sorbed t h e  a n a l y t e s ,  

w i t h  e f f i c i e n c i e s  improving a t  lower concent ra t ions .  Some i n d i v i d u a l  ana ly tes  
proved t o  be more s t r o n g l y  sorbed t h a n  o t h e r s ,  and t h e  s t r o n g  sorbency 
p e r s i s t e d  t o  h i g h e r  c o n c e n t r a t i o n s .  

The average r e s u l t s  f o r  Exper iment  1, as p r e s e n t e d  i n  F i g u r e  I ,  w i l l  be 
c o n s i d e r e d  f i r s t .  I n  e x p e r i m e n t s  a t  o r  be low a t  100 mic rograms of  each 
a n a l y t e  p e r  gram of char,  removal  vas e s s e n t i a l l y  complete f o r  most a n a l y t e s  
(96% s o r p t i o n  a t  t h e  l o w e s t  c o n c e n t r a t i o n  l e v e l  s t u d i e d ,  50 ppb, l e a v i n g  a 
c o n c e n t r a t i o n  o f  o n l y  2 ppb i n  s o l u t i o n ) .  Above 100 mic rograms of  each 
a n a l y t e  p e r  gram of c h a r ,  per fo rmance degraded. I n  t h e  e x p e r i m e n t  a t  5000 
micrograms o f  each a n a l y t e  p e r  gram o f  c h a r ,  remova l  of t h e  s o r b a t e s  f rom 
s o l u t i o n  was l a r g e l y  incomple te  (approx imate ly  60% of a l l  35 a n a l y t e s ,  a t  an 
aqueous c o n c e n t r a t i o n  o f  25 ppm, l e a v i n g  10 ppm i n  s o l u t i o n ) .  

R e s u l t s  f o r  t h e  second (p re-soaked)  exper iment proved somewhat more v a r i -  
a b l e  and t h e  char  somewhat l e s s  e f f e c t i v e .  Most o f  t h e  samples showed lower  
s o r p t i o n s  ( f o r  t h e  same s p i k e  amount) t h a n  i n  t h e  case of samples wh ich  were 
n o t  p re-soaked.  Two e x c e p t i o n s  were n o t e d  t o  l i e  c l o s e r  t o  t h e  l i n e  r e p r e -  
s e n t i n g  t h e  f i r s t  e x p e r i m e n t .  These two a r e  b e l i e v e d  t o  r e p r e s e n t  samples 
which s t i l l  con ta ined e n t r a i n e d  a i r .  Note was n o t  taken o f  samples wh ich  d i d  
n o t  s i n k ,  and t h u s  m i g h t  s t i l l  c o n t a i n  a i r ,  s i n c e  t h i s  was n o t  known t o  
represent an impor tan t  v a r i a b l e  a t  t h e  t ime. For t h e  severa l  samples r e f i l l e d  
w i t h  d e i o n i z e d  water ,  and a l lowed t o  r e e q u i l i b r a t e  w i t h  t h e  s p i k e d  s o l u t i o n s ,  
t h e  amounts o f  each a n a l y t e  sorbed i n c r e a s e d .  

S i n c e  p r e s o a k i n g  w i t h  w a t e r  was observed t o  degrade per fo rmance o f  t h e  
char somewhat, i t  i s  proposed t h a t  water b inds  a c t i v e  s i t e s  which would o t h e r -  
w ise  be a v a i l a b l e  t o  t h e  a n a l y t e s .  A h idden component, methanol ,  i s  probab ly  
a l s o  s o r b i n g  on  t h e  c h a r ,  occupy ing  a c t i v e  s i t e s .  If methano l  i s  a l s o  
s o r b i n g ,  t h e  t o t a l  c a p a c i t y  o f  t h e  c h a r  f o r  o r g a n i c s  i s  t h e n  p r o b a b l y  much 
h i g h e r  t h a n  t h e  sum of t h e  37 a n a l y t e s ,  b u t  f u r t h e r  work w i l l  be needed t o  
measure t h e  t o t a l  c a p a c i t y .  

K i n e t i c s  have n o t  been c h a r a c t e r i z e d  a t  t h i s  p o i n t .  I n  t h e  presence o f  
p resoaked c h a r ,  a t  a s p i k e  l e v e l  o f  50 micrograms o f  each a n a l y t e  p e r  gram 
of c h a r ,  s o r p t i o n  appears  t o  be  a p p r o x i m a t e l y  60% comple te  i n  20 hours  and 
increases t o  t h e  about 750 i n  40 hours. Since t h e  40 hour e q u i l i b r a t i o n  never 
p roduced s o r p t i o n s  h i g h e r  t h a n  t h o s e  produced by t h e  20 h o u r  e q u i l i b r a t i o n  
w i t h  d r y  c h a r ,  i t  i s  p o s s i b l e  t h a t  t h e  s o r p t i o n  i s  e s s e n t i a l l y  comple te  b y  
20 h o u r s  i n  t h e  presence of  d r y  char ,  b u t  f u r t h e r  e x p e r i m e n t a t i o n  w i l l  be 
r e q u i r e d  t o  be  c e r t a i n .  

I n  summary, a c t i v a t e d  c o a l  c h a r  appears  t o  be  an e f f e c t i v e  s o r b e n t  f o r  
VOCS, b u t  t h e  e q u i l i b r i u m  i s  d i s p l a c e d  somewhat a n d l o r  t h e  s o r p t i o n  r a t e  
s lowed by p r e s o a k i n g  t h e  c h a r  i n  w a t e r .  
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TABLE 1. COMPONENTS OF SPIKE SOLUTION 
(each at 1000 Micrograms/Milliter, Except Methanol = Balance) 

HALDGFNATES 

C-2 (Unsatd. 1 C-3 (Unsat 'd. 1 
1,l-Dichloroethene Vinyl Chloride 
Cis-1.2-Dichloroethene Cis-l,3-Dichloropropene 

c-l 
Chloromethane 
Bromomet hane 
Methylene Chloride TransLl, 2-Dichloroethene Trans-l,3-Dichloropropene 
Bromodichloromethane Trichloroethene 
Dibromochloromethane Tetrachloroethene 
Chloroform 
Bromoform C-2 (Satd.1 C-3 ISat'd.1 
Carbon Tetrachloride Chloroethane 1,2-Dichloropropane 

1 , l  -Dichloroethane 
1,2-Dichloroethane 
l,1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,1,2,2-Tetrachloroethane 

OXYGENATES 

Methanol (Solvent) Acetone 
Vinyl Acetate Methyl Ethyl Ketone (2-Butanone) 

4-Methyl-2-Pentanone (MIBK) 
2-Hexanone (MBK) 

Benzene 
Toluene 
Et hylbenzene 

Ortho-Xylene 
Meta-Xylene 
Para-Xylene 

Styrene 
Chlorobenzene 

MISCEl I ANEOUS 

Carbon Disulfide 

TABLE II. COMPONENTS OF INTERNAL STANDARD & SURROGATE SOLUTION 

SURROGATES 

1 ,2-Dichloroethane-D4 Toluene-DB 4-Bromofluorobenzene 

INTERNAL STANDARDS 

Bromochloromethane 2-Bromo-1-Chloropropane 1,4-Dichlorobutane 

1969 



d 
I 
E 

1970 



FIGURE 111. AVERAGE RELATIVE STRENGTH o f  SORPTION L I S T E D  by COMPONENT 
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